Musculoskeletal disorders (MSDs) are global issues in the dental profession. This research evaluated the MSDs risk caused by the sitting working posture of clinical students performing the task of scaling. The evaluation using the virtual environment approach shows risk of MSDs in the students' upper extremities such as neck, shoulder, and trunk. Further simulation based on the ideal sitting working posture shows that ergonomic scaling could be achieved when the patient sits at a 15° angle. When scaling the 1 st and 4 th quadrant of the teeth, the 9 o'clock position is used. Hence, the 11 o'clock position is used when scaling the 2 nd and 3 rd quadrant.
Introduction
According to Keputusan Menteri Kesehatan (Minister of Health Decree) No. 432/2007 published by Indonesia's Ministry of Health, there are potential ergonomic hazards that could risk workers' health such as manual handling, awkward posture, and repetitive tasks. 1 These issues are not only encountered by factory workers, but also by health workers in clinics and hospitals. Dentists are potentially exposed to such hazards since they work in a meticulous manner while treating a relatively small working area, namely the patient's mouth. Musculoskeletal disorders (MSDs) are common ergonomic hazards in the dental profession. World Health Organization (WHO) defined MSDs as disorders that occur in muscles, tendons, joints, invertebral discs, peripheral nerves, and vascular systems that develop gradually in a chronic manner. These disorders are usually caused by postural distortion, prolonged static postures, and also repetitive movement while working. Since those activities are recurrent in the dental profession, MSDs are considered as a common workrelated disease in this profession.
MSDs in the dental profession is a global problem that occurs in several countries around the world. It is referred to in a scientific review conducted by Hayes et al. in eight countries from the United States of America to Thailand. Hayes et al. found out that from a group sample of dentists as many as 64-93% complained about the prevalence of MSDs within their professional routines. 2 Furthermore, MSDs definitely seriously impact the healthcare industries. Lehto et al. show that MSDs significantly relate to the loss of work hours caused by absenteeism. 3 Leggat et al. also found a relation to decreasing work productivity, even Crawford found that it could end a dentists' career. 4, 5 Therefore, preventive action should be taken to decrease the prevalency of MSDs risk within the dental profession and also give risk education to young clinical students at universities' faculty of dentistry.
Early education for students in ergonomic dentist working posture is relevant to prevent unhealthy working postures in their prospective professional career and also to decrease the risk of MSDs in the future. Morse et al. found that MSDs symptoms and prevalence has presented ever since their practical work study in the university clinics. 6 Similar complaints of MSDs symptoms were also expressed by the students in the Faculty of Dentistry UI (Universitas Indonesia) which served as another source in this research.
In this research we evaluated the sitting working posture while treating patients. Sitting posture will be the main focus in this research since most of the time, dentists treat their patients in a sitting posture. Furthermore, according to Anghel et al. dentists are also potentially exposed to MSDs risks even though they work in the sitting posture which is less stressful than standing. 7 Specifically, this research will evaluate the scaling task which is said to be the most physically demanding task of all clinical treatments.
The research objective is to evaluate the working posture of clinical students in UI's Faculty of Dentistry in the sitting posture, specifically performing the scaling task in order to assess the musculoskeletal risk that could occur in the future. The evaluation results are then used to develop a guideline (explained later on Results & Discussion) for ergonomic scaling for students in UI's Faculty of Dentistry. Preliminary research was done in order to define the problems and provide initial information on the research objects. The next step was data gathering and data processing with questionnaires and use of the virtual environment approach using Jack 6.1 and Vicon Nexus 1.5.1 software. Posture analysis was then taken using posture evaluation index (PEI) to assess future musculoskeletal risks. According to Caputo et al. PEI could find the optimum parameter of a certain workplace in respect of a worker's posture. 8 The development of an ergonomic scaling guidelines will be arranged by combining literature reviews with working posture configuration simulation within the virtual environment to find the proper combination of postural angle and also interaction with the working environment.
Methods
The research objects are clinical students from University of Indonesia's (UI) Faculty of Dentistry who worked in the 1 st , 2 nd , and 3 rd Integration Clinic at RSGM-P (Dental Hospital) Salemba. They treat patients on weekdays (5 days) from 8.00-14.00 and are usually monitored by lecturers and clinic supervisors. This research began with data gathering which was then followed by data processing before the data were analyzed. The data include MSDs prevalence or symptoms, working area dimensions, anthropometric data, actual scaling movements, and literature review. This step will be followed by data processing that includes posture verification from literature review, postural index calculation, and configuration simulation within the virtual environment.
Identification of students' complaints related to MSDs. In order to identify the symptoms of MSDs among the students, we collected data using the Nordic Body Discomfort Questionnaire and additional questions targeting 92 samples which consisted of 72 women and 20 men. We found that 55.7% of the sample said that scaling is the most frequent task in the clinic ( Figure 1 ). Besides that, according to 49.6% of the sample, scaling is considered as the most physically demanding task in the clinic (Figure 2 ). Based on these results, we are focusing the research on the scaling task.
In addition to the previous result, the Nordic Questionnaire gave us information about MSDs symptoms related to daily dental treatment practice. It is concluded that symptoms of MSDs such as muscle ache and discomfort are present in their upper extremities such as neck, shoulders, and back. Seventy four percent of respondents suffer neck ache, while 44% experience shoulder ache, 55% have upper back ache and 54% feel lower back ache. The respondents experienced aches and discomfort as often as 1 to 2 times a week. Fifty two percent of the respondents frequently experience discomfort at their necks, 44 % at their shoulders, 40% at their upper back and 31% at their lower back. From these results, it could be inferred that there are MSDs complaints from the respondents. Therefore, further evaluation for the scaling task which is considered as the most physically demanding task is needed.
Working area observation. The dental unit and its nearby surroundings are the main working area for dentists since they spend most of their time in this area treating patients. The students in Integration clinic use AL-398AA model dental units which are manufactured by Foshan Anie. The students can adjust the height of their dental units within the range of 44.2 cm at the lowest point and 66.8 cm at the highest point measured from the ground to the bottom side of the patient's seat. The seat itself has a certain inclination of 14° toward the ground making it unparallel with respect to the floor. The dentist chair is also a part of the dentist's working area that influences posture when working in a sitting position. The chair's height in the clinic could also be adjusted to 45.8 cm at the lowest point and 59 cm at the highest point.
Anthropometric data. In this research, we used the anthropometric data from Indonesian anthropometric database of Chuan et al. 9 research. The data covered samples with the age range of 18-45 years old and a total of 377 respondents comprising 245 men and 132 women. This data was used as a dimension baseline for motion capture and virtual environment processing using Jack 6.1. The dimensions consist of body height, arm length, distance between elbow to fingertip, distance between buttock to popliteal, arm rest height, and popliteal height (Table 1) . Those dimensions were selected based on relevant input demands in Jack 6.1 software, working range calculations, and sitting posture dimensions which could be significant for chair designing in the future.
The research used design for an extreme approach with the broad range of body dimensions. Data were gathered from the 5 th and 95 th percentile of respondents to represent Actual motion capturing process. In this research, posture evaluation is conducted with a virtual environment approach using a motion capture method as the initial step in order to give real evaluation results that represent the actual scaling task in the clinic. Two respondents were selected based on previous anthropometric requirements. The respondents chosen have similar body dimensions within the 5 th and 95 th percentile data. The scaling posture is then captured and evaluated using Jack 6.1 software.
The motion capture process undergoes several steps initiated by the environmental preparation, system calibration, subject preparation, motion capture, and finally data editing. The capturing process was held in the motion capture facility at Ergonomic Center laboratory in the Department of Industrial Engineering, University of Indonesia. In attempts to simulate the actual scaling motion similar to the real treatment conditions at the clinic, we used a dental learning mannequin to replace the patient and the dental unit. Furthermore, scaling motions for all four mouth quadrants were captured in this simulation.
In dental terminology, the term quadrant is used to divide the mouth into four sections from the 1 st , 2 nd , 3 rd , and 4 th quadrant defined from the upper right side of the mouth to the lower right side in a clockwise manner (Figure 3 ). In addition to the term quadrant, there is also a specific term to tell the dentist's position while treating a patient using clock analogy. Assuming that the patient is the axis of the clock, therefore if the dentist is on the right hand side of the patient it is called the 9 o'clock position. While treating a patient from the position above the patient's head is called to be at the 12 o'clock position. Those terminologies will be used later in this research article.
Literature review related to ideal working posture in sitting position. A virtual environment approach was used in this research to evaluate the student's working posture. In addition to that approach, literature review from several references was also used to gain information about the ideal working posture in context with the scaling task. It is also needed to give inputs for developing the ergonomic scaling guideline which will be used to educate clinical students in the Faculty of Dentistry University of Indonesia.
The ideal working posture in a sitting position is synthetized by comparing several results from previous research done by other scientists. Besides the body segment angles, the proper posture has to be followed with proper sitting behavior. In order to distribute the weight in the area around the hip, it is suggested that dentists implement dynamic sitting behavior. It means that the dentist has to frequently change sitting positions within the range of proper body segment angles.
Results and Discussion
Actual posture evaluation. The result from actual motion capture for the 5 th and 95 th percentile indicates a match between students' complaints with the musculoskeletal risk shown by the postural index value. It is found that the actual condition created musculoskeletal risk to the upper extremities such as neck, back, and arms which is related to shoulder problems. Table 3 shows the actual postural index for the 5 th percentile. Based on the calculation, the 5 th percentile has a relatively similar index among all quadrants. The greatest value lies in the 2 nd and 3 rd quadrant which is located at the opposite site of the dentist's sitting position on the left side of the mouth. There is a consistent high risk of trunk MSDs development in all four quadrants. Insignificant differences of postural index between quadrants in the 5 th percentile shows that the dentist did not change positions significantly during the simulation of different quadrant treatments. When the motion capture was conducted, the 5 th percentile seems to sit uncomfortably so that the weight was distributed unevenly resulting in an awkward sitting posture. Shoulder and neck complaints by the 5 th percentile are certainly in line with the high musculoskeletal risk of the upper arm and neck shown in the virtual environment. The result from PEI calculation shows us that the actual posture potentially creates future musculoskeletal risks. The implementation of ideal posture alone is not enough to create an ergonomic scaling posture. In order to make an ergonomic task become a reality, there are two things needed which are ergonomic working posture and proper interaction with the working environment. The working area includes the workstation and also humanmachine interaction. Therefore, a proper strategy to position dentists with respect to their dental units is as necessary as implementing the ideal posture while treating the patient.
Ergonomic interaction with the working area. In order to identify the best working configuration related to human-machine interaction, further simulation in Jack 6.1 virtual environment was conducted.The configuration was made based on the ability of the dental unit, the ideal working posture in a sitting position, and other sources of literature. There are four variables that would be used in this simulation; percentiles, inclination angle of the dental unit, working position of dentists using clock analogy, and the mouth quadrants. The height variable of both the dental unit and the dentist's chair is not used directly in the simulation since we are using the ideal working posture as the main variable therefore the height will adjust to the working posture of the dentist in the virtual environment.
In terms of the inclination angle of the dental unit we are using two angles which are 15° and 30°. The 30° angle is based on the recommendation given by Hokwerda et al. as the usual inclination implemented in treating patients with sitting dentists in Europe. 13 Hence, the 15° angle is a position where the patient is particularly laying down on the dental unit. This angle causes the patient's nose to be positioned below the knee making it a comfortable position.
The patient using the dental unit model in the clinic. Hopefully, this position will give dentists better vision of the patient's mouth area. In terms of working position, we use both 9 o'clock and 11 o'clock position in this simulation. Both positions are commonly used by dentists when treating patients and have also been recommended by Cohen and Sherwood (1990) for proper scaling positions. 14 The combination of those variables result in 32 configurations (2 percentiles x [2 position ^ 4 inclination attempts]) that have to be simulated in order to identify the best interaction between dentists and their working environment (Table 5) . From those configurations, the postural index will be observed and compared with each other. The smallest postural index means less musculoskeletal risk for the dentist making it a better interaction between dentists and their working environment. The simulation is conducted within the virtual environment built in Jack 6.1 software.
Virtual environment simulation indicated that the interaction strategy between dentists and their working environment could be classified by the quadrant being treated. Similar results were found for both percentiles where ergonomic scaling could be accomplished if the treatment in the 1 st and 4 th quadrants are conducted with 15° dental unit inclination and 9 o'clock working position. Hence, the 15° dental unit inclination and 11 o'clock working position is used for treating both the 2 nd and 3 rd quadrants. The body segment that made these differences between configurations is the arm. The postural index for 16 simulated configurations by the 5 th percentile is shown at Table 6 .
Yet, the other 16 configurations simulated by the 95 th percentile in the virtual environment could be seen in Table 7 . The virtual environment approach also indicates that scaling by implementing the ideal segment angle could be implemented by dentists. However, those postures should be supported with proper interaction with the working environment. Further technical adjustment of the working environment that includes the adjustment of the dental unit and the dentist's chair height are explained in the next part of this research article.
Ergonomic scaling guideline. Ergonomic scaling could be achieved if the dentists implement both an ideal working posture and proper working interaction with their environment. Sitting behavior also gave influences in addition to the design aspects of working area. As one of the outputs of this research, this paper would give information about ergonomic scaling guidelines gathered from literature reviews and previous virtual environment simulations in an attempt to reduce the risk of MSDs development for the clinical students of Faculty of Dentistry UI. The guidelines could be found at the Appendix. 
Conclusion
Based on the the Nordic Questionnaire that we gathered from dental students in Faculty of Dentistry UI Integration clinic at RSGM-P Salemba, there is a prevalence of MSDs and symptoms experienced by students at the neck, shoulder, lower back, and upper back. Postural analysis result shows potential musculoskeletal risk when treating patients while scaling the quadrants. It is caused by awkward posture that occurred when students tried to reach those quadrants. Therefore, virtual environment simulation is conducted in order to create a strategy to decrease the musculoskeletal risk caused by awkward posture when scaling patients.
Virtual environment simulation shows that the 15° dental unit inclination with 9 o'clock working position creates ergonomic treatment at the 1 st and 4 th quadrant. In addition, for the 5 th percentile the height of the dental unit is adjusted to 44.8 cm and the dentist's chair is adjusted at 58.97 cm. For the 95 th percentile the height of the dental unit is adjusted at 46.75 cm while the height of the dentist's chair is adjusted at 46.7 cm.
Furthermore, scaling treatment for the 2 nd and 3 rd quadrant should be worked on from the 11 o'clock working position with 15° inclination of dental unit. For the 5 th percentile the height of the dental unit is adjusted at 45.69 cm and the dentist's chair is adjusted at 55.83 cm. Yet, for the 95 th percentile the height of the dental unit is adjusted at 51.02 cm while the dentist's chair height is adjusted at 48.9 cm. The adjustment is implemented to avoid arm abduction and flexion to reach specific mouth area. If it is possible, a magnifying glass could help dentists to increase dental work in a meticulous way and avoid awkward postures.
Appendix
Ergonomic Scaling Working Position Guidelines a. Prepare the dental unit and instruments to support the scaling task based on clinical procedures. b. Adjust the dental unit with respect to the treated quadrant for scaling using the guidelines below, i. For the 1 st and 4 th quadrant use the 9 o'clock working position with the specifications below, 5 th percentile: 15° dental unit inclination, 44.8 cm dental unit height (close to its lowest point), and 58.97 cm dentist's chair height (close to its highest point). 95 th percentile: 15° dental unit inclination, 46.75 cm dental unit height (close to its highest point), 46.7 cm dentist's chair height (close to its lowest point). ii. For the 2 nd and 3 rd quadrant use the 11 o'clock working position with the specifications below, 5 th percentile: 15° dental unit inclination, 45.69 cm dental unit height (close to its lowest point), 55.83 cm dentist's chair height (±4 cm before the highest point). 95 th percentile: 15° dental unit inclination, 51.02 cm dental unit height (±9 cm above its lowest point), 48.9 cm dentist's chair height (±4 cm above the lowest point). c. Ensure the dental unit's tray is positioned within arm's reach to minimize movement when reaching for dental instruments.
Ergonomic Dentist's Working Posture a. Implement symmetrical working posture (Figure 4) . b. Avoid movement that will cause the lower arm to cross over the body's midline (body's vertical axis).
c. Sit in a comfortable position with the mouth located midline of the body's axis (body's vertical axis). d. Create a leg splay within the range of 30-45° e. Conduct scaling with a straight back posture as possible i. Use the backrest to support the back upright ii. Avoid bending your back over 20° from its vertical axis iii. In order to decrease MSDs risk in the back, it is not recommended to bend over 60° for more than 5% of your total working hours iv. Avoid lateral back bending of more than 10° while working. If back twisting posture above 10° is present, then avoid doing it for more than 10% of total working hours. f. Avoid neck twisting and bending more than 10° with eyeball movement strategies g. Keep the arm close to the body i. Avoid upper arm abduction more than 10° ii. Avoid upper arm flexion more than 15° iii. Use the arm support to decrease musculoskeletal risk at shoulders when the arm exceeds the tolerable range of segment angle stated at point e (i) and e (ii). h. Keep the lower arm in a horizontal position i. It is recommended to work with an elbow angle less than 10° where the working area is located ± 5 cm above the elbow normal position (with 0° stated at 90° angle between upper and lower arm). ii. A maximal angle of 25° is recommended as the maximum tolerable point range (figure 5) iii. Avoid wrist abduction when reaching for instruments with an awkward posture of more than 10°. i. Create a knee angle between the shank and thigh within a range of 95°-135° and an ideal angle of 115° (figure 5) j. The feet soles have to touch the floor to evenly distribute the body weight.
Sitting Behavior a. Take a break with a minimal amount of 20% total working posture in order to rest the arm which is exposed to prolonged static posture and repetitive motion while scaling. 
